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®tt 9 A 
©ft S A 



©8f gl BB63- 263877 
@& m 0g63(I988)lO/!21B 

mm iE 25 m?£.mmmftmm 2-1-14 

m B ® ft^ftsC^fcb XSC«*jfel£*£ 5 T S 13#16-^ 



1 . 881<D€& 
2.R»B*©eBlfll. 

(2> 1 ttSCf/<Xtt2tt#K*13T««$nfc 
tf &J3S13T-«8ic* flfcitt ft 13*85-7 3 -/ l/7'j 



miry -/-<r>©M»^rtt.. 
3 . ftwvmmKuim 

[ft«±©«fB»»] 

C©HHBtt* ft»13T&&i*nfc5~73 y 
£ * £ A> A ft mW iMT»jy->rV(DHaStt 

S»SFT-NMR<7)^*(CJ;t), WJR13T* 

**nfcfcft*#*r*fc*if»*fc¥icattft** 

TSfc. cn«. Slfi®FT-NMR4ffiffiT§ 

H&fcj&813 ( 13 C ) T'<Sa5n/:fc^«5^ 13 C 
&8ftS£C© 73 C®&fc£?to*#^ir&C£fc 

cfc 3 & 1 3 c m an t a m © o x < o /* a k tc m m * n 
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5-7^^ VK(ALA) tt, ^ A 

(Kf&tttf/U* tT y / -/r> (PBG) ^tft&UT^A 
V? a ay 4 lUfi&^UZ $ *yB n *&&? & 

^ICt/j'ISJnT^*. ^UT, C <D A L A 
<fc£& ([5- 13 C)-ALA) tffHiSStUTA¥7^5 

A^57P/xBTKxf A/^g^UT (2- 13 C]AL 
A ££«lt-&7?fc*£&UteS Ufc (J. A. C.S. 
. 96:26. p6069-8080(Dec. 25, 1974) „ £<D#ft 



?$!8i¥2-lli747 (2) 

$5 $ 1 t> -5 M A # <& * o 

aJ8»H<LUT 13 CT8K*nfcALA*S«? 
*#ttCO^TWU CO [2- 13 C]ALA^«lf 

[RW#lll«0J;5tt6BB] 

K£nfc 13 c&&ALA*&*-r6ct#T-£n 

tt -3 x , * r w *> a « uu ift&tfxxw2& 
t ss n * w n * & fc © # a ] 



? # *> 5 , & s $ « . ittatf/x«;2tttf« 

3, 4 X« 5 tt©'>< t 1 O<0&& 

tf&8i3T-£&3nfc5-7^/ury>BXtt* 

OJ;^CUr&R3nrcK 3, 4Xtt5tt© / > 

i/7>;>86^«flju c n£sa*B&T-ffi£i* t* 
x ;ic /u * tr i ; y - y > £ & r * 4> < t t> 2 o <e 

KT, 2fc8fPJ<D$!l&#&£8l 1 Bftt/R 2 B(C 

mi@tt 13 C&8ALA<B&;§7j&£7K?t><D 
*C , [1- 13 C]A L A (1a)tt*0> <fc ^ tC IT 



/U*ftOAT£lS* £ [1- 13 C]7Pt»Kif 
^(3a)/n^6n* 0 *fc, C<D M- 13 C]7n** 
Sif /H3a)li [1- 13 C]Br® * h y (2a)*® 
»BUT06n^ [1- u C]BiA»e t>R«*T» 

C 0) [1-' 3 C]7ot»8if A/(3a)U, 1,2-5? 

M1i)£6JS3l**fc, «iR*T- [l- 13 C]x?-/u 
-3-I^^*/l/^-^-5-7^>f^Kl/7>J 
x- h (12a) &$X$o 

ZLWuXy- A/(12a) KHriRJiBJ&H® 1 
1 BS1l9T*HBBffi«* Otitic* 9, 
[1- 13 C]A L A (la)*»R»T:-5- 
*fc, iEtHUClT [2- 13 C]|tB^ h y 
A(2b)/>*6 [2- 13 C]Tn*Br88xiMM3b)*&j£ 
J:S2<B [l J3 C)7Dt»Bxf/K3a)^C© 
[2- 13 C] 7 a * 8t » x ^ /u (3b) K © & A x ± 82 £ 
rattCOSCB^fT^CttC^^, [2- ,3 C]ALA 
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(1b)*&lRl?5X- T£5>, 

$e«C, (4- 13 CJA L A (td)£ [5- 13 CJALA 

tbt>*>, &*7*/l/»(3) t±.E [1 J3 C]T 

□ A»Kif-^(3a)/)»5S«^n^ [1- 13 C]^i> 
S/>(9a)fc*1 65XJT-1 5#fSf£fiO&ttT& 

>(6a)£6#?£><, C <D (1- 13 C]N-7 $ a 

n- 13 c]y at sreax^/i/(3a)t<Dsisccfc o 
xt)S«$n§ 0 sec, c©«fc^>ic uxs#* 
nrc [i- 13 cjh-7 * □ ^ A/^-'j i/y (6a)£&fc?- 
^-A/Tsaiirn«, ^^tc d- 13 cj7*/ws 

□ ^^K(7a)^*;^aa^5»>te'J5?>CDtg^ 
fg&4iX2,2-^;rf ^fl/- 4,6-2?* *V -1,3-5** 
> 10) 



^^¥2-111747 (3) 

fiT0fiX^;i/(3) £*5fc<b* ^ y C? ATfclE Lfc&, 
igTjn*#W?&C £ IC J; 9 , SNO M- 13 C]A 
LA (1d)#tf?5n€> 0 
IStflC, [5- 13 C]A L A (1e>fc [Z- 13 C]7$/U 

ffix-igfifcra&csjssna,, 

[3- 13 C]A L A (1c)fc [Z- 13 C]»flg^M;9A 
<Zb)»5 [2- l3 C]Tn^iTfiS(13a) JgTSllia 
n*> [2- 13 C]^ ;uK^AK(iOa) *&tfiTrs&0i 

A L A<0&£#&*aftf9] Ufc , 2oJX±tf)fc& 

^IHCttft?*o fliltf. d,2- 13 C]AL 
AdDtt [1 t 2- 13 C]grffi^ - h H ■> A(2c)^6 
[1,Z J3 C]7n ^frfBx^;M3c)£jf X 



{4,5- 13 C]A L A (tg) IdL _t gfi d.2- 13 C] 

mm* h 'j'>^(2c)^e n,2- 13 c}ra^Btf8x 

f/K3C)^5^U [1,2- 13 C1^ y */> (9c)*S# 

S*6(C, {3,4,5- 13 C]A LA (Ih)tt, ±£ fl. 
[2- 13 q]^ A/h"^AK(10a) SftS^dD&tf 

cn6tt^5«(D7?S&lC<tOSF^<caiS^5>^t/yi 
XS£ e 

xpbg) *^®-r ssaaxsfc^-r t><*>x-. mi 

anfcALA^^fflU, 2 0<D«8tf 13 CX-®S» 



3nfc 13 C§SStPBGW^/Kf5!)$/Ttt)?)T^«)o 

mxix, m 2 mioh? * ^ c [5- 13 cjala 

de)* A L A M*Wtm ( ALA- D XttPBG synthase) 
tt & £ , t^Q - /UlStf) 2 t&O&Jfc <t T 7 ^ 

BG(20e) tfj|5n§„ 

m 2 ®lCfs<t & -5 (C, ±ffi [5 J3 C]AL 
AdeJICtt^LT (3- 13 CJA L AdO^ffirar^t, 

a - A, £ <& 4 & © $ & £ tT a - /u^ o 3 & C ^ 
fef*K^©29/)S 13 CT*!ga3nt:PBG (20c) 

LAdaK db)3Uidd)£.&ra?5C ttc <t 
^n^n#is*&^ft(&«8tf 13 CT«&$nfc 

SI$n/:ALA^i^H?ntf, 40<D&m# 13 C 

x&aisnfcPBGftMsen, s s tc. 

%tf 13 CT*l§a?nf;ALA$ffifflirntf, 6^ 
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1.2- h^X^WnS^Kx^/W^W 
^K7th7tf-h (11)8 4 7. 7 V 13. 31 n 
raol)^^»U, CO&&£1.2-^;* b *->X5» > 
7«e<b?K^^^hU^A (a"77y>*60%) 
154. 0*?(3.85 0 B0l)O@^^ftiC^((Q 

7;brr>#HB^T(c^agT 1 ©BSKlf ufc, 

C<3!ffi*l«4iK£«1.2-??* h*^X£>5 
etfrfj tc [1- 13 C]"/D^Br^x^;K3a)6 4 7*?(3 

.as ai moDtSKi/T^enfc^is^iio^, m& 
T-iHP^faifu, $enfc&i£iB&&£ im-«» 

@£UT&e*ttt*£&<7> [1 J3 C]Ifil/-3-Ih 
/I/ ?tf - /l/ - 5 - 7 £ /U *f ^ Kl^7'^- Ml 



( lR*71JJ)*»fc. 
C<0-t><7>©»i8U 1 H-NMR, 13 C~NMR 

■ A : 146-149 -C 

1 II-NHR( 0 2 0):2.71 % 2.90, 4.13 PP9 
13 C-NKR( 0 2 0) : 177. 4 < 1- 13 C) ppm 
IR(KBr):3430ca" 1 

H- 13 C]$r V 5/>(9a)(99X atom 13 C) 1.00 
(13.1 d aol)t«?jc7 5i;i/Eai. 959(13.1 a 

n* 15 0-1 7O , CTio»i0iioiu, B5n 

(0 [1- 13 C]7 * ^ K^K(6a) 2 . 64 9 (IK 
$97.5X)*$fco 

Bft& : 191-194 V 



2a) 1. 259 (K#89..7%)*»fc. 

CO t)<04>ff4f§. ^-NMR, 13 C-NMR. 
I R&tJFMS*$£0/tte££JXTC^?a 
M£ : 71-74-C 
*H-NHR(CDC 1 3 ) : t . 2 5 & 1.33 , 2.95. 4.18 & 4 
.29 , 4. 19, 4.83, 7.83 DPB 
13 C-NHR(CDCI 3 ) : 170. 6(1- 13 C) ppa 
IR(KBr) :1723c«' 1 
HS(ffi/Z): 362(M* ) 

C<D<fc^^ LTW6tifc^x^r;M12a) 

^*(fri8-SJ!5K(i:n ig&an 5*2*tc&&u. 
e©aa«&*^*20iB«*icsBu, ffl^j^iaft: 

B(®T'I?&&1^ [1- 13 C]5-7^ 

^-NHRCP iz h >-<J 6 ):4.40 x 7.82 ppa 
13 C-NHR(7 t: h V-d 6 ) : 168. 93 { 1- 13 C) ppm 
IR(KBr) : 1720, 1 775car' 1 
HS(0/2): 206(H + ) 

CflDJ^CUTtfiettfc [1- 13 C] 7^)K5K 
8t®((>a)2. 6 4 g (12.8 ib ©oUfcfflfc? 1 *- A/ 
1 2«M61.8 a ■ol)*GSIKb. 60*CT-4ft&g 

A>*^£lC|&£U, RSfeteilfc 11- ,3 C]7*A/ 
-Y ^ K 7 1z ^ £ p ^ W M 7a) 2 - 919 < « * 
99.2%)£*fffc„ 1 H- NMR (C0CI 3 ) ffl£gi 
te4.80, 7.78 ppfflT'#ofc e 

i?^DP>(5i>1flfii:t: , J^>2fl20ig 
6J8i«4»lC^;UK^ AS(20) 1 . 9 5 5(13.5 a 
■ol)*BRU, c<DB«*u: O'CT-yyuzrv^lffl 
mTJCI. 5^BH^WT±gB [1- 13 C]7*JW^ 
K7tf /l/^P7^fK(7a)2. 9 1 5 (13. 0 ffl ma 
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&i>, te«aiT-&&b, fg&€@£b*: 0 ©en 
fc$&t£*^/u*8R*x$/-/i/i oo««*T-3iS 

O il «£ b , eo«3@®I(DX5iy-il/^a5&U/to 

Kffife^^^ □ □ * * > i o o«*T-*s«b, nn 

£&*<tffifOfiffi*T-&8ib, bfc 

Xif&Sb. «feSt*rt&£tf> [3- 13 C]X?-;U7 * 
yu-< ^ F7* h 7fcx- h (lib) 2. 339 < IK 

fc<D©8it&, j H-NMR, 13 C-NMR, 

: 109-111 V 
1 H-NHR(C0CI 3 ):1.29, 3.50. 4.22, 4.62, 7.77 
ppo 

13 C-NHR(C0C( 3 ) : 194 . 79 ( 3- 13 C) ppo 
] R(KBr) : 1722, 1745cs~ 1 
HS(B/Z): 27G(K* ) 



?$fin¥2-ill717C5) 

* fl>-f ^ F 7 t h 7* x- F (11b) 2. 3 3 9(8 
.43 a nol)* 1.2-5** h + ^x^>20©e4ncS 

bo, wenfcs****it^ i- y^ix (/\*^7 

-f >* 6 O % ) 4 20. 0*9(10. 5 id nol)©1.2- 
5?* h*5/*2>5«*BH^*C»»TOT;T-« 
ftnb, *©«7A/zf >»BDRTCSBT 1 RffllB 

Blilf/K3) 1. 7 6 9 (10.5 fit bo!)£>1,2-^ 

CC20GSR!6S1*fc. EISK7BK 15 6nfcSE5 
1N-ffiKT*fUb, l-xA/Tttlttb, 

x is > i? & cd x - t )v m z mmn m*x- & is , 

fc«fi!lT-&& bTfc&*i8£ b, 8£&&C0 14- 

13 c]x^yu-3-x h + ^/?;i//-K-;u-5-7 ^ 

^ F U7'J * - h (12d ) £#fco C<D$8£f£%i(1 
b fc „ 

±Baffl / i«ifti(i2d) **§y«-®&&(i:i) & 



£®&2 O/dtptcmmi,. 7A/=f VSSD^fM 2 

to*o5&«K£f8£ b , mzntz^&oymm**. 5 
x^;n 50«eT3(5)ft?§ibfco c©«t^(cuT 
TffiSIb, 56*£&«8b. $ 6cx$ y-/i//x- 

x*/i8&T-ft'&&b, «£ittt*£&0 [4- 13 C]5- 
7^/U7';>KA-fh'Q^07^ Fdd)3 9 1 
0^ (iRifc27..5X)££fco 

CtDhO^M^, 1 H - N M R > 13 C-NMR 
Sal R£ffl£bfcl£££iXTlC^-<r,, 
: 146-149 *C 
1 H-NMR( 0 2 0):2.71 % 2.90, 4.13 DOB 
13 C-HHR( 0 2 0) :206.3 X 1- 13 C) PPE 
IR(KBr) :3430cm" 1 

[2- 13 C]7a *m&(2b) 1 . 4 7 3 9(10.6 n 
nol)<D*igiK1 . 5 aCtCBRK* h y O A 0 . 58 
3(5.4 a tool ) £/jn*fc&, ->7>ft;tM^A 



0. 6 O 9 (12.3 0 mo\XD*®m 1 . 5*££*tf 
TKfgTb, 4 0#R3fcC5£t£fco ^ CD 

5 9 £ M A x & fS * T 2 l$ 1*3 tt & b „ £ 5 IC, 

ca)^^ic^ft^vi/vc?Ao. & 9 <Dtiimm&m 

£&&£ffl»Jb, &J»bfc«, x - x ;u * 

fto*, aetci2N-sKi. o^^so^/i:*, x- 

fg&*S£b, ffltfK^W (2- 13 Cl^a>ffi0. 
4 4 4 9 <tK*M0.3X)£tf?fc o 

Jiffi [2- n C]^a>®£&*ffiffiO. 5 

ait mm mo . 05«ea*g£$ttitci&iB£t!, * 

mTtCffi|*7 t h >0 . 4s2^©Tb, £i3T1 
0$Bil£fc<*tt/c o £P5»7gK flfttib/tS&fciS 
8Jb, ften/cSQISS* 0.5N-«K2««T-ift»b, 
*itbT7th >/x - T/L//n-'\*+J 
J8«&T-P?fS® b, A&ll-«isa«) [2~ 13 ci*;uf 

^A®(10a) O. 3 119 ( IK^50.6X)$ IS/Co 
C<0 tXDCOSJjia, 1 H-NMR, 13 C-NMR 
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Stjs : 92-951) 

1 H-NHR(CDCf 3 ):3.62, 1.79 pp® 
U C-«HR(CDCI 3 ): 36.15 (2- 13 C) ppm 
1ft : 1790, 1750CBT" 1 
ft(C, ±ffi [2- 13 C]> /uk^a® doa) fcfffB 
±E t1- 13 C]ALA • HC* daJtfBiaJCU 
X [3- 13 C]ALA'HC^g*Ufc e 

^ffiJSft^RCf [3- 13 ClALA * HCJ ICO^ 
TB!^, 'H-NMR, 13 C"NMR, IRRlf 

[2- 13 C]X^/L/7 * ^K7t h7tf- 
h (11a) 

1 H-HHR(C0CI 3 ):1.31, 3.58. 4.24, 4.76, 7.88 
& 7. 75 PPD 
13 C-HHR(C0CI 3 ): 46.90 (2- 13 C) Ppm 

[3* ,3 C]I^-/l'-3-Ih4V*)^iA/-5- 
7^Y^KU7'U-h (12c) 
1 ll-NHR(C0CI 3 );1.26, 1.35, 2.94, 3.02, 4.15, 
4.16, 4.28, 4.73, 4.94, 7.86 



ff fifl¥2-1117<S7(6) 
& 7. 74 ppiD 
,3 C-HHR(CDCI 3 ): 52.05 ( 3- 13 C) ppm 

13- 13 C]A LA • HCJI (1c) (iRffl 1.285 
9. ft&adOa) JO* 6<7)IR^27. 3%) 
Jtt^S : 147 *C 

1 H-KHRC D z 0) :2. 70 , 2.89, 2.89, 4.12 ppn 
13 C-NHR( D 2 0) : 36.8 ( 3- 13 C) ppm 
JR(KBr):3430cw" 1 

IP)&tCbT [5-^CjALA * HCil &\$tc * £<D 
t><0£> 13 C ~ N M R (0 2 0)U 4 7 . 8PPmT-<fc? 

ft:JX»ttX«H 1 tmmv: UT f2- 13 ClALA- 

13 C-NMR(D 2 0)tt3 1 . 6 ppm, IR(K6r) 
« 3 4 3 O en ~ 1 T $5 o £ «, 
#3ffH1 : [2- 13 C]T n A&TKx?-yM3b)CD£ 



AH77^3*«CeSlgl1 . 1 9 (9.0 R not ) 
t 12- 13 C]&K^ M;^A(2b)8 2 O**(10 b mo 
nfcfctt&^aSC&lfc^vy^/uy. 5 m* (6 
4 a Bol)£/tf]*, 1 2 OT)T 5Rf8toJ&TlCE& 

S>, CCOfifS^H" 7 8 "CT 5 #l?g$fc&£Jg 2 . 
6«2(50 □ noD^ilAUfc, d<0ft^^A*$7«, 

T - 7 8 ^ T* 1 O # (S AU* T ft SI x $ / - ;u 2 . 
4flrf(40 is aol)£/fl);i, SiST 1 2fit(S(8ffTIC 
E££t*fc„ EJS£&%*®*Dffi&* 1 On*?* 
fOU. i-t/I/3 0b«T3 EftbtbL,, B6tifci 
- f/l/| ( 90m2 > * 1 Oae<D*T2HI8t&U, ft 

&ayT-&&i>, x-rA/ens 

[2- 13 C37"D/x^Kx^A/(3b)9 9 1 47 < tR 
*59.32)^Sfc 0 

C<Dfc<0<B *H ~ N M R , U C-NMRS(/I 



Ml-NHR(C0CI 3 ):1.35, 3.15, 4.20 ppn 
13 C-NH«(C0Ci 3 ):25.9 ( 2- ,3 C) ppra 
lR(KBr):1735ca' 1 
&nm2 : (1- l3 C]Ta Agr®x? /b(3a)G9£ 
/» 

[i- 13 c]grK^- hv -5 M2a)£f$ra u , 

TP A»»x ^;u(3a)0 1 H - N M R , 13 C~N 

1 H-MHR(CDC( 3 ):1.35, 3.77, 4.20 ppm 
13 C-HHR(C0CI 3 ): 167.2 (1- 13 C) DDE 
IR : 1735cm' 1 

£%m3 : [2- 13 C]lf-;U7^;K5 K 7 t t 
- h (5b)<DS« 

5?^f^^^A7?K7. 6«e^T- [2- 13 Cl7 
a Ait Ki ^ /l/(3b>9 3 9*gr(5.59 n Biol)<t 7 * 
H^K*y«)AI4) 1. 1 5 » (6.22 B BOlJt 
* 3 0*fflig&TlC£fS<* t* , »5nfc&*Sifc&& 
£1 5o«(D^nn4v/UAT-40JibUJU, ^ a a * 
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OofiT-cfcfnu, 1 5 ««<Z>*T 2 U , &® A*J 

x-er®u. ®«t*iii/T.i?enfcfflti»ii5*i 

* y &&fc|-:tKfc£®CD [2- 13 C]X 
f^7$;i/^K7tf-h (5b J 9 7 5*9 (iRsp 

75.0X)^^fc o »5nfc [2- t3 c]x-7-;u7 ^ 

^ K7*t- M5b)0> 1 H - N M R * 13 C~NM 
R. I RRtfMS€*a<^UfCo KIl^UTIC^lf. 
VkHIKCDCIj ) : 1 . 25 ^ 3.72. 4.29, 7.78 ppm 
13 C-HHR(CDCI 3 ): 38.98 (Z- 13 C) DDffl 
1 R(KBr) : 1 776, 1732, mOoT 1 
HS(B/Z); 234(H* ) 

#2fW4 : (2- 13 C]^y S/>(9b)<03« 

±8e#^wi 3 r-sen/t u- 13 cjx :F/i/7 * ;u 

-f^K7tzr-h (5b) 2 5 0*9(1.07 o raol)* 
6N-&E6. 2 5oe<£(C*&&U, SRfSiS&Ttc: 
5J5®£«5*ffl@<D*r*SSiU, 1 



?!J?fl¥2-ill747(7) 

1 H-NMR, 13 C-NMR, I RKt/MS^SH 

1 H-HHR( 0 2 0):3.70 ppfl) 
13 C-NHR( D 2 0) : 49.93 ( s, 13 C) ppoi 
IR(KBr ) : 3100, 1600cm" 1 
HS(D/2):76(H + ) 
3?j&&{«5 

5ffl«NMRf i-T^^CrtSiSIHtUT^^ 
**>*3*fTra&**£ 13 CtSS£A L A 
U/cSSO. 1 ae*tt&*> C<D 13 C«StA L A 

CCT-fcreUfc5-7^yU7*y>®Ha*fl?&«t, 
t h 5fel8ifaS (human peripheral blood)/^ 5 t£ (& 
^ nfcfc©!-, Granick Mauzerall& 



hP^-^-^ffflO, 100. 4 Hllz T: 5 ma N 
MR?- i - zrfa(Dm&1- h 'J C/*8§5*K(PH 6.8) 

/\'/l/^©5. 5 S (45* a;u;o t^^^h 
i^2 5 0 0 OHz^ffireUT 20tJT-«t$nfc„ 

,3 CSl8ALAtUT [5- 13 C]A L A (le)£<j£ 

<20e) #£&*&o cnw, S82©(a) , (b) c 
cfc^tC. [5- 13 C]A L A<0*S?t)U ( a - 47 

.8 ppo) tfSKWcgi'>^ ^nconrPBG 

Kimm? Z>2O<0*/?1-)l' (3~35,5 ppia&t/fi 
-117.2 ppm)tf »»1UT^<;C ttlSSS^nfco 



(3- llJ C]ALA(1c)*ffBU/ct*, fa 
-A/^O53ti^K^i:t*P-;L/08(D4te(CtS&T 
-5 $ 3£ 03 20#* 3 CTfiIS££*Xfc: PBG(20c) # 
$^UH>§Ct/P±Sgt^|$iC^3gl(a) , (b) 

i a W <0 % 3L 1 
JS^ 13 CTSKen/ta^05/ic;u^ tr »j y - 

SM®tt1fc&a/Xtt2fctf 13 CT-&K5n 

fcmK^hyr>A/^ettii©ffiSjbfi 13 CT^a^ 

^f^-K $2@(a) , (b) U {5- 13 CJ5-7^ 
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(b) fct [3- n C]5-7^y UTU >»ttS 13 C®& 
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